Chapter 2

Problem 2.1
The equation for droplet spacing in a lattice configuration is
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Problem 2.2

The data given are p; = 0.5 kg/m3, D = 100y, p. = 1.2 kg/m? and p,; =
1000 kg/m?3.
Number density:
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Disperse phase volume fraction:

=9.5x 10 /m*

g = pg/pg=0.5/10° = 0.5 x 1073
Continuous phase bulk density:

po=(1—-aa)p, =12kg/m’

Concentration:

C = py/p. = 0.416

Problem 2.3
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Consider a cube in which particles each corner and they are all touching a
particle at the cube center. The particle locations are illustrated in the diagram.
The total distance across the diagonal is 2D. The length of a side, L, would be
related to the distance across the diagonal by

3L? = (2D)?
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There are two whole particles within the volume so the solids volume fraction
is

L=(3)"D
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L3 34
The maximum solids volume fraction for the lattice configuration is L = D and
gives

)3/2 = 0.680

Qg =

™
aq = ¢ = 0.524

Problem 2.4

Droplets released in hot stream will cool the carrier gas, increase the density
and reduce the velocity to satisfy the continuity equation. The reduced gas
velocity will lead to less acceleration of the droplets as they proceed toward
velocity equilibrium with the gas.
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Problem 2.5
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Consider the duct shown in the figure. The control volume is designated
by the dashed lines. The momentum equation states that the rate of change
of momentum in the control volume plus the net eflux of momentum through
the control surface is equal to the forces acting on the control surface. When
the particle bounce from the wall they enter the control volume and when they
impinge on the wall the exit the control volume. The pressure force is given by
(p1 — p2) A where A is the cross-sectional area. The force due to skin friction is
—csPAL$p.u2. The net efflux of momentum due to the particles is ri4(v — vo)
where v is the rebound velocity and g is the particle flow rate per unit area
into the control volume through the control surface adjacent to the wall. The
flow is steady and there is no momentum change of the continuous phase. Thus
the momentum equation is

1 .
(p1 — p2)A — cfPL5p0u2 = 1hgPAL(v — vp)
The value for vy is 0.5v so the momentum equation can be written as
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The Darcy-Weisbach friction factor is defined as
ap L1
AL D2°°
so the equation for pressure drop can be expressed as
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But 10% of the particle mass flow impinges on the wall per diameter length of
duct so
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so the equation for the friction factor is

Mdﬂ

pAU: U

f=4c;+0.1
For a. ~ 1 one has

f=de; +0.1Z§




Problem 2.6
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With small momentum coupling, the pressure variation varies little from
the single phase. However, with a large momentum coupling there is a greater
pressure drop since the gas has to accelerate the particles. Also the minimum
pressure drop occurs after the throat because the particles are still being accel-

erated beyond the throat.

Problem 2.7
The data provided are ., = 0.1 kg/s, g = 0.01 kg/s, uqg = 30 m/s,
D = 100pum, Dpipe = 5 cm and A = 0.02 cm?/s. For standard conditions,

p. = 1.2 kg/m?>.
Evaporation time is D?/X = 0.005 s. Carrier phase velocity is u = m./p. A =
42.4 m/s. The mass transfer Stokes number is

Tl
Stimass = —— = 4.24
L
The concentration is
C=:%=0.141
v

The mass coupling parameter is

,ass = C/Stmass = 0.141/4.24 = 0.03



The latent heat coupling parameter is

hr
Iy =ness——= = 0.278
t ce
In this case the mass coupling is negligible but the heat transfer due to effect
evaporation should be considered although the effect may not be significant.

Problem 2.8
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The temperature of the ice particle does not change because of the change
in phase. With two-way coupling the gas phase temperature drops due to heat
transfer to the ice particles. The density increases due to lower temperature so
the velocity increases to satisfy continuity. The pressure decreases more due to
the acceleration of the gas.




